Abstract Papillary tumor of the pineal region (PTPR) is a recently recognized entity. We present the pathologic findings of two cases of PTPR as examples, and discuss the presence of cellular pleomorphism in these tumors. Patient 1 is a 48-year-old man with a pineal region mass. The tumor had unique biphasic patterns, papillary/pseudopapillary areas, and increased mitotic activity. Juxtaposed areas had marked pleomorphism, including nuclear enlargement, smudgy chromatin, nuclear pseudoinclusions, and cytoplasmic vacuolation. Mitoses were absent in these areas. Immunohistochemical staining revealed strong S100 expression. CAM 5.2 and CK18 were strongly positive in a patchy fashion. MIB1 labeling indices were high in classic PTPR regions but very low in pleomorphic areas. Patient 2 was a 35-year-old male with a pineal region tumor characterized by papillary architecture and overall cellular monotony, rare mitoses, and pleomorphism as a more isolated finding, with associated nuclear enlargement and crowding. S100 and CAM 5.2 labeling were present, and MIB1 labeling index was very low throughout the tumor. We discuss the pathologic and phenotypic features of PTPR. Variable pleomorphism may be present, reflected in size variation and nuclear hyperchromasia, but was not accompanied by increased proliferative activity in these cases, suggesting a degenerative phenomenon.
Introduction
Papillary tumor of the pineal region (PTPR) is a rare tumor described in 2003 by Jouvet et al. and a recently recognized entity in the 2007 World Health Organization classification [1] . Since its first description, approximately 60 cases have been reported [2] . PTPR are rare but usually have a distinct morphology, characteristically epithelioid cells, often with sheets of large cells arranged in papillary or pseudopapillary structures in which vessels are covered by layers of columnar to cuboidal cells [3, 4] . These cells frequently have a well defined cytoplasmic membrane, and occasionally the cytoplasm may be vacuolated and resemble signet ring cells [3] . Necrosis is a frequent finding [3] . There are currently no identifiable histologic features that predict prognosis in PTPR. Clinically, these tumors are characterized by frequent local recurrence, but craniospinal dissemination seems rare [5, 6] .
We report unusual morphologic variations in two PTPR cases, including one presenting with a biphasic pattern including areas with prominent pleomorphism with a paradoxical decrease in proliferative indices. Implications for differential diagnosis in surgical neuropathology are discussed.
Materials
Tumor sections were evaluated using standard methods. All hematoxylin and eosin slides were reviewed. Immunohistochemical staining were performed using antibodies directed against GFAP (rabbit monoclonal, Ventana, prediluted), S100 (polyclonal, Venatana, prediluted), synaptophysin (clone 27G12, Novacastra, 1:400), chromogranin (clone LK2H10, Ventana, prediluted), cytokeratin 18 (clone DC 10, Dako, 1:100), cytokeratin CAM 5.2 (clone B22.1&B23, Cellmarque, prediluted), epithelial membrane antigen (EMA) (clone E29, Ventana, 1:1000), neuronspecific enolase (NSE) (BBS/NS/VIH14, Ventana, prediluted), NeuN (clone A60, Millipore, 1:250), vimentin (clone V9, Ventana, prediluted), and Ki67 (MIB1, Dako, 1:100) (Case 1), and cytokeratin AE1/3 (cocktail of monoclonal mouse antibodies AE1 and AE3, Millipore, 1:2000), cytokeratin CAM 5.2 (clone CAM 5.2, BectonDickinson, 1:5000), EMA (clone E29, Dako, 1:400), GFAP (polyclonal rabbit antibody, Dako, 1:800), S100 (rabbit polyclonal, Dako, 1:6000), and Ki67 (MIB1, Dako, 1:100) (case 2). Studies were approved by the Institutional Review Board at Johns Hopkins.
Case histories and pathology

Case 1
A 48 year-old-man presented with a history of mechanical falls. He was admitted and underwent a CT scan, followed by MRI. The MRI showed a non-calcified heterogeneously enhancing cystic and solid lesion within the dorsal aspect of the third ventricle, with growth on subsequent imaging studies (3.4 9 2.8 9 3.0 cm) (Fig. 1a) . A craniotomy was performed. Microscopic analysis showed a cohesive neoplasm composed of areas with epithelial appearance, a largely sheet-like pattern, with focal pseudopapillary architecture, and cellular dehiscence (Fig. 1b) . In those areas, the cells had well defined cytoplasmic membranes, with round to oval nuclei, sometimes indented, and stippled chromatin. Mitotic activity was particularly marked in sheet-like epithelial areas (approximately 6 per 10 HPF) (Fig. 1c) . These areas, typical of PTPR, were sharply juxtaposed to areas of cytomegaly creating a biphasic appearance (Fig. 1d) . Cells in this second area contained glassy and poorly defined cytoplasm, some with large vacuoles (Fig. 1e) , and lacked pseudopapillae formation. Cytologic pleomorphism was pronounced, with hyperchromasia and smudged chromatin (Fig. 1f ). Mitoses were not present. Immunohistochemical staining revealed focal strong CAM 5.2, specifically in pseudopapillae (Fig. 2a) , with positivity in a few neoplastic cells in pleomorphic areas (Fig. 2b) . Cytokeratin 18 was also positive in a patchy fashion. Synaptophysin was weakly expressed in papillary and pleomorphic areas, but preserved in adjacent pineal gland parenchyma (Fig. 2c) . S100 was strongly expressed in all tumor areas (Fig. 2d) , as also were NSE and vimentin. Neu-N, EMA, chromogranin, and GFAP immunostaining was uniformly negative. Ki-67 labeling index was moderately increased in epithelial areas (Fig. 2e) , but very low in areas of cellular pleomorphism (Fig. 2f) .
Case 2
A 35-year-old male presented with worsening blurry vision. An MRI revealed a solid and cystic mass in the posterior third ventricle/pineal region (Fig. 3a) . The patient had an endoscopic biopsy of the mass at the time of ventriculostomy performed to treat hydrocephalus. The tumor had a papillary architecture and bland cytologic features in most regions (Fig. 3b) . The papillary architecture was more conspicuous and well developed than for case 1. Well formed flat epithelial surfaces were evident. A rare mitosis was present. Focally, in the center of the biopsy an increase in cell crowding, nuclear hyperchromasia, and variation were present (Fig. 3c) . These findings differed from those in case 1 by merging with the more conventional papillary areas rather than making a sharply circumscribed region within the tumor. The chromatin quality in this area was finer than for case 1, and nuclear inclusions were not present. Cytoplasmic vacuolation was also absent. S100 and cytokeratin (CAM 5.2) were uniformly expressed throughout the tumor including cells lining the papillae and the focally pleomorphic area (Fig. 3d) , whereas cytokeratin AE1/AE3 was patchy, and synaptophysin very weak. GFAP and EMA were negative. MIB1 labeling index was very low, and similar in papillary and pleomorphic areas (\1 %).
Discussion
The pineal region is known for the diversity of tumors that may occur on this unique anatomic site. Neoplasms centered in this region include pineal parenchymal tumors, meningiomas, ependymomas, gliomas, germ cell tumors, non-neoplastic cysts, and metastases. Differential diagnosis is generally difficult, given the scant material obtained during pineal biopsies, and requires several immunohistochemical markers. Biopsy specimens from pineal region tumors might not provide any useful material for accurate diagnosis, because it is a region of difficult access [7] .
The most unique tumors of the pineal gland are the pineal parenchymal tumors and PTPR. The current 2007 WHO classification of pineal parenchymal tumors divides them largely on the basis of features seen in routine hematoxylin-eosin-stained sections. A range of biological aggressiveness is observed for these tumors [1] . PTPR is a recently described entity thought to originate from the specialized cells of the subcommissural organ. On the basis of a series of six tumors with identical histological features, PTPR was first described as a distinct entity in 2003 [3] . A precise grade has not been assigned but may correspond to WHO grade II or III. It typically afflicts adults, but may also occur in children [7, 8] .
The histologic features of most PTPR are typical, but as the cases we present illustrate well, they may be variable in individual cases. Case 1 had a curious biphasic pattern that required detailed histologic evaluation and immunophenotyping. Classic epithelial areas with pseudopapillae were Synaptophysin was not expressed in pleomorphic areas (left) in contrast with adjacent pineal gland (right) (c), whereas strong S-100 expression was present in all areas (d). Paradoxical MIB1 labeling indices were present, being elevated in cellular monotonous areas (e) and extremely low in pleomorphic areas (f) present, but alternated with areas of pronounced nuclear variation, hyperchromasia, pseudoinclusions, and cytoplasmic vacuolation. Given the low proliferative indices, these findings were interpreted as degenerative nuclear atypia. The second case had more monotonous cytologic features, with pleomorphism as a focal finding. Cellular pleomorphism has been recognized as occurring in PTPR [8] [9] [10] [11] [12] , although this usually takes the form of scattered enlarged cells with hyperchromatic nuclei. The biphasic pattern with a solid area containing degenerative atypia present in case 1 is distinctly unusual in our experience.
Cellular pleomorphism is often encountered in pineal parenchymal tumors [13, 14] , and was the main differential diagnosis in case 1, specifically a ''collision tumor'' between a PTPR and a pineal parenchymal tumor. However, the almost complete absence of synaptophysin staining, in particular in the pleomorphic areas, which contrasted with adjacent non-neoplastic pineal gland, argues against this possibility. An unusual glial neoplasm was another possibility but GFAP staining was negative whereas cytokeratin CAM 5.2 was positive. Other diagnostic considerations included ependymoma and choroid plexus tumor, for both of which cellular pleomorphism may be observed [15] . Cytokeratin expression and lack of EMA and GFAP immunoreactivity argue against ependymoma, while the anatomic location (i.e. pineal gland proper rather than intraventricular) and less well developed papillae makes a choroid plexus tumor unlikely. The observed immunophenotype is typical for PTPR, including cytokeratin expression, and lack of GFAP and EMA. GFAP and synaptophysin immunoreactivity in PTPR, in particular, is usually focal or absent [5, 16, 17] . It must be noted that choroid plexus tumors frequently stain for membranous Kir7.1 or cytoplasm stanniocalcin-1, which are absent from most PTPR [17] . Finally, papillary meningioma and metastatic carcinoma are two additional entities that enter the differential diagnosis. The frequent lack of EMA expression argues against meningioma, and co-expression of S100 and cytokeratin, and the earlier age of onset, suggests PTPR rather than metastatic carcinoma. However, we cannot emphasize enough the importance of integrating histologic, radiologic, and immunophenotypic findings in evaluation of these tumors.
In conclusion, we have discussed the presence of cellular pleomorphism in PTPR, including the presentation of a unique case with a biphasic morphologic pattern with an area of pronounced degenerative atypia. It is unclear what the prognostic relevance of this finding is, but given the reduced proliferation present in these areas, a negative effect on clinical outcome is unlikely. The histologic features presented emphasize the histologic variation observed in PTPR from case to case, and the importance of an integrative diagnostic approach when encountering these tumors in surgical neuropathology.
